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(54) METHOD AND EQUIPMENT FOR LASER HEAT TREATMENT, AND SEMICONDUCTOR DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To form a thin film with superior 
cyrstallinity by transforming laser beam generated by a pulsed laser 
source having a specific wavelength into linear beam having a 
specific energy density gradient in cross direction, and by having a 
film material on a substrate irradiated with the beam. 
SOLUTION: After laser beam 92 is adjusted to a specific intensity 
with a variable attenuator 93, it is launched into a linear beam 
forming optical system 94. The laser beam is transformed with the 
linear beam forming optical system 94 so as to have a linear beam 
profile, and a target 95 is irradiated with the beam to be subjected 
to laser heat treatment The substrate is placed on a movable stage 
96, so that the substrate can be moved during laser beam 
irradiation. By adjusting the laser beam energy which is generated 
by a pulsed laser source having a wavelength of 350-800 nm with 
the variable attenuator 93, the density distribution gradient in the 
cross direction of linear beam irradiation energy is adjusted to a 3 
mJ/cm2/um 
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[«rtM»#<&*SH] 

w i *B 1 75^ 3 co^i*^ 

&zk &&mk-rz>m*m i t^s 4 o^^a^ia**) 

AG if com 2 ««»tffcSr i «:<mK k 5 

7 ] _LE^u* u-if 3tW«Nd : YAG if 
<B*3i*H»L Nd : * f O*2WW»*fctt||| 
3S5I^&, Nd : YLFU-1f«)JB2i«Ptt*fcrt[|B3i«« 
Yb:YAGi^— 9 , «)JB2i«||ffifi4fc(iJB3i«BI», Yb: 
^7Xl/-foS2M^^«3W, Ti :Sapp 
hi re -if roS*fi* fefi!B 2 SaBJfe^l^ix^-e&S 

[BS*«8] ±E^*u-ifftSU;:J: {UStSit* 
If t'-i^ 1 /sVu^^/ci 5 moL^/i,*?— #0. 5mJ£* 
±-Cfc ^^i: £ *■ 5 8**35 1 7 <D\,^-rtlf)>\Z. 

i»**9] ±ttmm*mmmz.mt>tix\,^z>^k*& 
mk-tzm&iz 1 ^8 wrfrt>*\zmm<D u—if»&& 

0] ±Eifi±»mi It, #AK*fc 

^msr^RgwsiMi oiat^u— *f 
im*m 1 2 ] ±ib#ii«s fctt£*Mi%mjtanw 

^200nm*M-c*>S^tS:«r«t-r5BI*«l 0£*ite 
13] ±|B ls-Vyt<Ds<;i'Xmmmfr20Qnse 




(2) 45BH 2000-286195 

2 

c*itfciri:^»i:t6a*«l 0 7??M1 20^ 

Ki#tt6l!M*:**/i'¥— aBS^iSOOmJ/cmZ^TIOOmJ/ c 
l^fiJli-Cfc^Cti^rat-rSW^JSl OftSl 30^ 

1 7^1* 1 4 ©ivftuwcraito ^— MiWttaKMfe. 

70 [W#S 1 6 ] Kft*s350nmJW±800nm«TT*e>'</u 

^ 4 fc fifi^:fr ft ft » J: 5 fHK S tifc r i * 
%fWLk-tZ>*m&7*'^*» 
[W*S 1 7 ] &S^350nm^±800nmJ^TT*35^-'</P 

5l/-ff-A^ vn&±-<n^*^ 

e„ 

[«*3S 1 8 ] JifS^/u;* if *«ttHd-f K- 
M« 

30 9] ±E^^i^-lf*WttQ^^y^N 

d:YA6u- if 2 iSP&-efe6 r fc Sr«rtS^i-6BI* 

3§ 1 8 iescgo u--ifiR«aaHfc 

[»*JS 2 0 ] ±fE^* U-if %Mvm : YAG l^- 
^OjBSKWft, Nd : tfOlB2i««2e*fc(l 
^3iSH^^ Nd : YLFu-1f<0|B2KBIjfi*^tt*3iB 
Mtt. Yb:YAGu-1f<75»2i«BljSt*fc*i»3«Bltts Y 
b:^^^u— 1fojB2B5W)&*fefi»3iBWK, Ti : Sa 
pphi re if<&S*i£* fcli!S 2 iRWjK(Ot ^-fn^-Cfc 

[»*3S2 1] _tf5^/u^u— ^ftW^JzOSI&SJx 
-6 if tr— A O 1 /nVu^ ^ ^ t) ^0. 5mJ 

[«noi»«iftnn] 
[0001] 

U'-lfJRtoa^ife. 1 — ifSR^S3SB(-Bi-r5 e 
50 [0002] 
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£i-ft£« l^llfid hy>-i/x*mW) 
[0 0 0 3] 3HRj»<Dfe*ttfc»ah5^^^^»tt 

[0 0 0 4] tfcfe, ftS^350nm^±<OS^u— ifft£ 

CJOKl (Appl. Phys. Lett 39, 1981, p425-427) % 
3:fifc2 (Mat. Res. Soc. Symp. Proc. , Vol. 4, 1982, p 
523-p528) RUXmz (Mat. Res. Soc. Symp. Proc, V 
oL 358, 1995, p915-p920) ) "Cft Sti/C^S. 
ttfeft350nm£* ±oft ^ u — if % t L T Nd : YAG u— If <D 
(&fi:532nm) jWfcto-h/C^a. BlOli 
t*5R^Nd: YAG u—1f SB 2 iBWSt^ J: S 9»*R»3ffiB« 

«*:*i-H-e*>*. ::i^^t, i ^ 
-if£ Lr«tottTV^Sft*tt*^T«*^/^^— -S 1 * 
agT*fc6Nd:YAGu-if?B2KW» (jft< : 532nm) mm 

[0 0 0 5] Klcfi***) i^-lf||MW«6fcov^-clftW 
-T5c Nd:YAGi^7-if»2MWIjS[38lgfi«l^P>ttli**^ 
fe/^/u^ if jfc 2 i' 4 J: 9 S *i/C 

**im*tt5±^BMtS^5. ^/u^u-if*2 0^ 

•t 5 Kft** *Tft:b*>, u-ifJR^aSo^JSS^sRBl 




(3) 4#Hfj 2000-286195 

[0 0 0 6] CCT% StRKfffcM0Sh7^^^^>BB 
dVe/d(logh>s) (Vq : hmJE, Ids : K 

tl^2T^P b^^^fS^^flR^liO. 2-1 u m £ « 
[0 0 0 7] ilfif, jSffiWfctofcS u—ifSR^S^^*!) 

fife 3 \z x z t ffi-mm~><Dmtt®m*2oo® w±a 5 
£ 0 zfcfi* 3 -eiiOTJfttxt^o v >x ut^^^^ 

fcMOS h7^^ *S#J«-C# ftV \ 
[0 0 0 8] 

l|i|*t:aofc, ti§3fe^Nd:YAGu-ifo!B2i«BIK* 
[0 0 0 9] ^/c. ^f 0 p o pKf^Ji^loTlW]-®^^ 

u~if BSftiutt* 2 o om$k±.t&< <Disa v vw*m 

[0 0 10]*»IWI1 «ttlfio*Blh9^^ 

^fcfwr*oi^£*ftie*tt^«ixfc»iK*««-r* 
[ooii] *stt^i«i\ seseft^—ifiiMaa 
[0 0 12] $ h-eK*»fln?SS¥*«: 

[0 0 13] ^ ^tw^/c, ttatti-flEtt^tWIKSrM?^ 
50 6 u~ if fRfflfSSrSB-r u-if fR«yg3S«*««-r S r t 
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[0014] 

IfHWBa^tttt, «ftdS350nm£JL±800nmJEAT"e*>5 

[oo i si ^w^«a»**2^u--ifiR«.aa»tt 
[ooi6] *&w\z.&zmjR^3<Di'-i?m&m*m 

[0 0 17] 5R««4 o U-f|R»i*tt 

fix il»*tr-AO***rt^ac^/P*--*«^©JBtt 

[0018] ^jBMJiasw^swu— tfjRteaffi^jsfe 

[0019] *»WI-«*tt#*6 <B l/-1ll«a»tt 
fix ^/u^u-l?3tW*Q^>f s/^Nd:YAGi — ^<OfR2 

[0 0 2 0] *38«i:«5«*a7Wi/-fJ!i«il3JS 
fix 9**a(*Nd : YAGu-if^M3iSHIi&, N 

d: 1f^K2W*»*fcttJB3K«», Nd:Y 

LFU— 9 I Ofl|2ffiaitt»fe»:fl|3Kfltt. YbtYAGu— 

2KSHK*fe*iJB3i«SISJfi, Ti : Sapphire if^S* 

[0021] ttmz&&n#ix8toi'-vmtextj& 

fix ✓Ou^u— ^ag^«i:!9^Six5^— f ^-A(7) 

[0 0 2 2] ^M^«*»**9 0U-^JR»3l^jfe 
[0 0 2 3] 43B91K:fll«IHt«i oou-flWKf 

[0 0 2 4] **Ml-«6»*3gl 1 OU-fifel* 

[0025] *x^ir«5n*q[i 2<^i/-fMis 

ftfix ^®^^^#^S^^MI?^200nm*^^ 
[0 0 2 6] 1 3<0^-fMIJ 




(4) 4$Bfl 2000-286195 

<5 

ftfix u-1f3t^^^^^W«S:200nsec*«ji: Lfcfc 

[0027] *muz9te>n#* 1 4 o iz-ifuwaa* 

ftfix fia*J-^-*/u^— fta^SrlSOOmJ/cra 2 JEJl-FIOOnJ/ cm 2 

[0 0 2 8] «e^i:ff^atS l 5<7D u-— tPBtfaai* 
ftfix j»^K--^os^(njos§S:±faiia«tr--A^ 

«<^10«£JL±i: Lfcfc 5« 
[0 0 2 9] *»Wf^«5BI*« 1 6 * 
70 fix fc^350nm^±800^ 

[0030] **wiw«5i!i3ft5 1 7 tfuwaaass 

i: 

[0 03 1] 1 8 <D u-ifflMaU* 

Sfix ^/u^u-if^JHSrNd-f ai-^ K— :/*>6^fiYb>f 

[0032] *38M^«5Si*« i 9 ^nwaaas 

[0 0 3 3] *»M^«-5HI*« 2 0 <7} U-lf JBWQajS 
Bfi, if ft$I£Nd : YAG \s—f<D% 3 

ft x Nd : j?y*\s— ^(D^2^m&^itnmzMW&. 
Nd : YLFu— ^<ojS5 2S5H»*^li?B3i«SIBJfis Yb:YAG 
u-f J om2S^K^7t*im3^K. Yb:^f7^i/- 
^JB2»WK*fe*iSB3iSftJ«, Ti : Sapphire^— 9 s 
<7>g#&£ fcfiSS 2 HP&<o ^ N-f *b3&*«c L fc t <£>T*£> 

40 [0 0 34] *38W^ffiS»*S 2 1 <D 

Bfi, ^u^u-1f3ftW-J: 9?S4Sn6^f^ 
<7} l D CQ^/U^r— £0. 5mJJ£Jx_L£ Lfct>^ 

[0 0 3 5] 

-ifjR^^ftSr^afk-rssa^wjaH^fc*. his 

^v^91«Nd:YAGi^— 1?<7>»2»WJ6»fi»«, 92fi 
Nd : YAG U-if (D^ 2 i^I^iS^M^® h * ttfc w - 
(&Sfi532nm) % 9311^ y TZft^T y , 9 
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tz'&. H«tr-A*«3t^a594^A*t-rS. Utttr-A 
rt»***94^ J: 19 SiifcO 1* — j*~?wy 7 4 M-zmSk £ 

tlZo ^n&MXT — iSQtelzKmZtiX&V s Ix- 

-?v Ynnrnminzoxfo*). #7*g;&io3± 

KTJfiJ«102i LTff $2Mrm&te^*M*CVD (Chemica 
I Vapor Deposition) Id J: 0 «A U/S: Jifc. Sl£±j8l# 
»fc Lt> J*S70rmO*SWS*l»101SrLPCVD (Low Pr 
es sure Chemical Vapor Deposition) (w J: 9 
[0 0 3 6] tx— ? tf— Afi»|b^^— i^Srlfctttf— A 

[0 0 3 7] ^tr-AfcfiBWLT^ftWS* 

1^X941 £ J: 9 * 

3t u-if tr— a^d ^ r «Y /MiH 4 *<a,fi&-e^-r«fc 5 

d: YAG tx- if cos 2 KMftCi J: SflMM^SsfcJBi^S 

■in*-*-* 5 fc* StB±BW»T*>-6**K3S*IB101 

iot, 8!£:&iS]*5.fctf 

MAttfiflftMii^j:>:#ttMAtt^A$tt%. 4 
fc s ix-iP||a^«(rH$A$tt5#MA^*IKoMAtft 
KH 5 o J: 5 l^M*j«*<o*iR]-c*>6lfcRtr— 

[0 0 3 8] tfefeJ:!9> x^-vu-f^^rMt:' 
— A^o7r ix— iffR^S^fT^ttTi^ 
#\ *U*jfiS350nm£A_LO u—lf ft lr J: £ 
a*Wiw**-5«^J:5t<0-efcS a i£fi350nmJ£*_t 
O ix-if 3t(' J: SjR^attSMfiiaS^^TIBl^Brt 
*«jTfc6«*«j^HUTWM******C6fc«)*:M 




(5) mm 2000-286195 

8 

&m<Dmttfaxfrzm%ft\zm^x<D&&x&ztztb 

[0 0 3 9] ±12 Lfc&fi350nm£*±<7D f-^i- cfc £ 

Set, H6^jj%-rJ: 5feHlS^l^^T[3ot 
»*-C^<aa-CS»«»^± D#ftLfc»M»KJ: 

a^ajB^firss-e^BBi-'eisftritM 
fiM***a** s an>i4:* s B**^*. £>s 

20 Kk/h««^*5*t6M***a«vttv = k AT/ A xt- 

30 [0 0 4 0] £XT. *»WJ-J:SIHR^^-^ 

5 0 Nd : YAG lx— 2 JBH«Ox</U^ ai^/i,^-(i20 
mJ/pu!se N «FfB/^/u^i|Bfi60nsec (FWHM) "Cfc^o 

4^fi250/xmx10mmT% 01 t|:^y7^7 7T 

^93^ct9 ^-fSOx^/^-^ISf^ri: 
T\ ^^^/u^-SS^SOO-IOOOmJ/cm 2 (±mtt^* 

EO**<ttt, AmJ/cm 2 /^"! (RBftffiar : 250Mmx 10m 
40 mN ^M^^^^-^S800mJ/cm 2 -C<^1it) ^SOmJ/cm 2 / 
um (Ba*tB« : 50umx10niu BB*t3i*^¥-«BS80an 

¥H8*tlHlJftfi20[l]{w-rs o *^b\ Stfflftfi^ft^-efo 

[0 04 1] r r T% BBI*^*^^— ««»*^)E^* 

50 ;ux*<D^*;u*-&mtiLmm%ttV<DM{z&W^1ti> 
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[0 0 4 2] «±«>J:5ft*ft:-c, #»IKHM«>w- 

*0^j|a^S^:ffi^4inJ/cm 2 //im (^^SOOmJ/cm 2 20 

1 *£roSS"C*>oyt*K SOmJ/cmV/im (BB*f 
^g800mJ/cm 2 {cib^t5M) <75fc<0l;ioi^Ttt\ 3^m^ 
*fc3fl@Ffc*tftffi^fcofc„ CttttBBIt**/^*-* 

mmmzm^xmW)m*M!&i>tiyi — -rmmhy> 

i?X * SrfEH U7t 0 MOS h7^^WKM 
Aric«Lfc;frfifcftSJ:3fl*Ufc. ^ir^oSSX SO 

X\ MOS h y cOn-^^^/u^KSfilOOcmVVs^ 
<hJ/cmM::*5tt£ffi) ^twCSltli, ^K^OOcm 2 / 4(9 
^/i^— ^^IHoigvM-cfc 9M0S h^>^^^^ 

<g<teix<z><Dn. feA«wfi£#£ft 

irfAsO»tt«tf£*i:ft6. ^ot, BWai+yP*- 




ftffi 2000-286195 
[0 0 4 3] ft*s, K*m£LT. rctliSiCoiN 

xm*Mi,itibK mimm (sio , fcstMiMio** 
art*****, fc*^fWb^»¥»«\ *>5^«:««*<b 

fc fcHfitoJS*** fo 5 r t tt* 5 * T- 1> ft v\ 
[0 0 4 4] **oi8im IHfttr-AoB^ift^ 

6 <d j: 5 \zmmm&i®&£k± i^mm usi» £ it s v — * 

UTi«T*rRlj8«ll^*iB««aT<o if 
6 gatepost T ~-;v>*M-t WSktfi foZo 
[0 04 5] postr /u*il¥*gfi*^#3tefiai3RM^ 

^^u-if3t»fid j i/e^ftsjsis-esiftsnsaatft 

f*100nmJ£AJh£>S o t£oT\ f¥iKfi«^S*Bl^« £ A/ 
^■■«^Sa*»*^**l«lMI*«lB - 4: «-ft 
9< «e*tfedsSbirA<ft5 I1 :oMtt> t£*frfc>*x 
Tt^S^^^u— 1ffcJ:4IR^^ttMI*^#fti\ 

<, «3iS^»10nnefiLd^fti/^«)"CfcS o 

[0046] mm^mm 2 . insane 2 -en, aatfc tr 

[0 0 4 7] Hl£^n3. tBtotoWA 3 -C#4, JfttttT 

fc^>^\ if^(7)=i b — i^^^iw^gJ-^^^F^/Ji^ 
t-. ^C^-/i7'n77'f^50|j:Il<, UBS 
fiH8<DJ: 5iw^Ii 7 p /^IIlfc7'n77 ^/^«kft 
60 Nd:YA6u-ifo»2i«HIBtt^J:Su— if»^a*e» 

^(75i|#ffiiEj 7 ^p>W b^ft J: 5 600mJ/cm2J^_bX* 
1 k «R2piB9EdS0. 3J^T. »4 U< ttO. 2 
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[0048] mmntem*. mi^<omm4x^ mm<o 
mm i t*rw u tcm&m z titi mmt^im-r *> *m 

^T/W^i:o^t^>5o nm<DM1& 1 TRW Lfc, 
Nd : YAG u-lf <DM 2 iia^fc^ <fc 9 ffc&S LtM £ ttfc 
#6l^3ij^£fEiljJf ^ LTI2 9GD<J: 5 MOSh^V 

ft 9, h7^^^o»»**s»u<rti±-r<5. 

-*****^Lfc*filfcfiiIft#ftK -T tr 
LTfc* *S*ttOftS*s^*fi<ft 

«Hto h7^^ tm htiZ> k 5 ft#Jjft*s*> 

[oo4 9] rnm<w&fe5. mmcotemsvn, ««tr 
[0050] mm^rm 6 . mm<Dj&i& e xn, 

a^o^-CKW-t-S. £i\ Nd : YAG u — -tf<D%$ 2 SSPISt 

j: 6 1^- ifm&m<Dm$ti&&<D±mmizf% ut^t 

BB«t^*^-?BS*S< Lt^ofcS*, 1500mJ 
B «»-e# 100niJ/cm 2 s L < te200mJ/c 

[0051] mmnj&m i . hje^hb 7 -eta, ra— « 




0) 4#H 2000-286195 

< ft S i fiXAAM^SSlSEtu^K l < ft 6c 

[0 0 5 2] HfficD7f2ffii8. SOS<0*flg8-ett* 
*fctt*»»a»II«)BBWiov^ttW-rs. ^^^^ 
«*»»Sii:ftdSfe^-1fJR*M«:tT5»*, W-«Bf 

M«^KiR«**!K < ft*, IP SS^te 

liift 5**-CSiSS*t5^ #^Si^-r5Nd:YAGu- 
ifcDm2^Pft^«SS(ai00-200nm^gT^5« t£o 

* L < fi100rm*«-e*>^tf , J: < <£® 

[0053] mm<Dwm 9 . mm<DMm 9 -c^rm* ^~ 

^ft^^/^^-^^re^^^itii^^^^^^ 

afeSrSJ»*S:^«>. 60ns(7D^(D200ns*«, L 

< fi60ns<D 2f^g J gT^'6100ns^-efir^Lf^T> r 

[0054] mM<omm 1 0 . mm^m 1 0 -cfi, u 
— ^jfewct^/u^-^is LtRMts. mmvj&m 1 r- 

50 HS*t3i^/u^— «4mJ/pulse-efc-5o 1f*tt»JBB 
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^— tt5mJ/pulse&±*>tbtf <t^w £K:&£o U~ 1f# 

PSffi, r*fo%^u-1f*^«50Min^S1iinO«« 
*HMt-rSfc»fctt, Sl&O. 5mJ/pulseco u—if^MK 
m&&9bteZ> n il^^fx.^ 25nm (1 

aawTFT<7)fB«S: 1 tf— A<7^£^#L3g-C# 5fctf>, 
#«K*nflJ£*Sn ion*. 15mJ/pulseOU-if»^S 

<oa**38»i-«> wttO. 5mJ/pulse£JLb<D L — 1f«Stt 
iliiom^ 15mJ/pulse^±(7DU 
-if«tB3£«##£ U^^{:/^ 0 

[0055] mi&comn 1 1 . mm^mm 1 1 -cttfli^ 

Sl^-lffco^-CttW+S. jlffiOJgffi 1 -e#iNd:YAGcD 
JB2i«WlB^J:&^-1?RMtJw^N-CttWUfc. Nd:YAG 

m7&^800nro^)^>V^^ 1fJft-efc*Uf . *#*JeS*fltS 

-^1*1/- tfttSSWlSu "fft:b*>Nd : YAGu-if<D 
l3iSW, Nd : *f?^U— tfOj(S2*fcf4lB3*« 
Su Nd:YLFU—t?oj8 2*fcli3i«WI»[^ Yb:YAG^Y JO 
b:#7*£^ofcYbHf K~^@flcu'-1?^SB2* 
fcmB3*i«ltt^ Ti : Sapphire^— if 

[0 0 5 6] 

all *'JIWBi31*8fett, j^^^350nmJ£Jl±800r¥n^T 

[0057] ^nKcff«n*42o^-imtta^e6 

[0 0 5 8] *»WiwffiSH*«3(73U--lPjR«!fa*& 




4#|H] 2000-286195 
[0 0 5 9] *MCi6MS4(DU-fMI*S 

[0 06 0] #»Wfc«S8»#3fi 5 <D 

[0 06 1] *»W^«*l»**6^^-i^l»«!aa*«6 
tt, u-if 3tJH*Q^-< y ^Nd: YAG \s-*r<0% 2 

[0 0 6 2] *^(^e§»^7C>^--f i mAQ ; S*ffi 
/nVu* u-if3fc2S£Nd : YAGu-ifOfiS 3iKlltt, N 
d : ^9^i^-1?Of(S2iK«**fcttlS3ie«lltt, Nd:Y 
LFU-- if <£>g§ 2 ffi»K6*fcliSS 3 ftMK* Yb : YAG tf 
^JB2S5W»*fettJB3i«W«i. Yb:#^* if£>35 
2KMft*fctt!B3iKWtt* Ti : Sapphi re u~if <7}g# 
tt*fcttJK2Mpi«^)l^i ,, ix**i: LfeO-e, 3c5&^o£ 

[0 0 6 3] *»M^«Sfi|*3S8^u-ifJR«!fa*j£ 
[0 0 6 4] #»Wfc«SB*#*9 0n — -m«a^tt 

[0065] *aswt-«6f«*as 1 0 <d u—fmstdmjj 
[0066] 1 1 ^ u-ifiR*aaa* 

[0 0 6 7] W -6 l 2 <o u-if 

[0 06 8] ^nizttSMsMI l 3 ^ u-if mWMJj 
JSfett, if3feO^^^^ra*S* s 200nsec*S5i L^^: 
u-if(75ai^/u^~-fijffl?a^j: < % ^ss^A 

[0 0 6 9] *5S?Ht3:«5H*«l 4 0U-if^S^ 
^St^^/u^-^fi^lSOOmJ/cn^^TIOOmJ/ cm 2 
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So 

[0070] 1 5 <o \s-*fm&mn 

ten. »«K'--^oft^*fp3ofis^±sa*ittK , -Ao 

[0 0 7 1] **W^«Sfl|*«l 6^|*f/W^ 
14, Kfi^350nm«±800nm«T"e*>-5^^^ 
l-J: tUStStiiu-ff-AS:, «:*fti;:3mJ/cmV^ 

fc»4***fij^ft4J:5fS»Ufc^>-e, wa^ttfwa 

[0 0 7 2] 44BRl;ittSllt*«l 7«U--M»*B1B 
®f4> ^^350nm^±800nmJL^TT-^6^<^^ U" — t^3fc 

[0 0 7 3] *aSMt-«efll*« 1 8 O U-1f*«fflS6 
Sf4, ^/v* u-iP*«SrNd*f' ^ K-:/*>SlM4YlM' 

[0074] ^a^tf i 9 <d u-vrnxiam 

[0 0 7 5] **Wfc«S»**2 OOU-lfJRADjaffiK 

& s Nd:^9^u-1fOjB2K»ltt*fcf4K3i*Ptt, 
Nd : YLFU— r©JB2)fi5HiS*fc*4JB3i«Hlltt, Yb : YAG 
i^— S*o!B2a5iBtt*fcf4JB3a5»ltt, Yb:#!7*u<- 
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foi2»tfcllS3W, Ti : Sapphire u— * 
0>S*»*^4»2iWllft^l/^*X*^ Ufc<OT\ Sc£ 

[0 0 7 6] *^l:ff^SM2 1 <£> W—tfmXMm 

im i ] z<D&w<Dmm<7>Mm i ^^tu-fmi 

[H2] Hltw^tS^-1flR^**r^-ys/ h 
[EB3] W-lBW^^-^at^SfcEBMtStt**^ 
[EI 4 ] r tZ^W^JfcR t'-A^o 7r^/^lS± 

[0 6 ] C<d&W<d i/-fJMai*»fcJ: Sffi»A3l 

[010] tS*(OU-lfJR*0!^««r*^«*H-e* 
I«F»»»W1 

9 4 jR«^-AfiK»3t¥» 

i o i mtiL±mt& 



mi] im2] 




ioi : ie hmm t**«a*tt> 
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(11) 



2000-286195 



[129] 



II 0] 



► 



33~l 





(72) »w* ftm 



(72)J89i# flEJH «i£ 

(72>»W# AtR 

*»»1RI»I|T*SI3TB 3f5f *-f = 

F*— -M*%) 5F052 AA02 BA02 BA07 BB03 CA04 
DA02 DB02 EA11 FA05 FA07 
JA01 

5F110 AA01 BB01 DD02 DD13 GG02 
G604 GG13 GG25 GG47 PP03 
PP04 PP05 PP06 PP23 PP24 
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